Abstract: Phytosociological characteristics and a rate of endangerment of the salt marsh vegetation in central and southern parts of the east Adriatic coast were studied. A total of 73 vegetation relevés were made and elaborated according to the standard procedures of the Braun-Blanquet method. Numerical analysis of the relevés and life forms was performed. Two associations of the class Arthrocnemetea-Puccinellio festuciformis-Arthrocnemetum fruticosi and Limonio-Artemisietum coerulescentis were recorded, together with the association Juncetum maritimo-acuti of the class Juncetea maritimi. These associations show no significant differentiation with regard to their floristic composition, but only in terms of particular species cover and frequency rates, as well as by life forms and microecological habitat conditions. These are specific habitats, rarely found in the studied area, and highly threatened by human activity (tourism, agriculture).
Introduction
The salt marsh vegetation is distributed throughout the Mediterranean, but is also spread across other coastal and some steppe regions in Europe and North Africa (Horvatić 1963) . These are the communities pertaining to low-lying and marshy coasts, characterized by quite noticeable and well marked oscillations in the tide, occurring on soils rich in soluble salts, especially chlorides and sulphates.
In the Adriatic region, the salt marsh vegetation is restricted mainly to the west and the north coast, for the reason of the east coast being mostly rocky and steep. Therefore, the low and marshy coasts of the east Adriatic represent a rare type of habitat with a significant ecological value, but lately, they have been highly threatened due to agricultural activity and development of tourism.
The salt marsh vegetation, as well as other halophilous vegetation on the Italian side of the Adriatic coast is well studied, and has been the object of scientific investigation of several recent phytosociological studies (Géhu & Biondi 1996; Géhu 1999; Poldini et al. 1999) . The vegetation of the east Adriatic coast has not been systematically studied, especially from the ecological point of view. Vegetation of the marshy coasts was recorded at several localities on the North Adriatic islands (Horvatić 1934 (Horvatić , 1939 Trinajstić 1965; Šugar et al. 1991) , and in Istria (Šugar 1978) . In the region of Central and South Adriatic, records were made in the Kaštela Gulf (Kamenjarin & Pavletić 2002) , at the estuary of the Neretva (Horvatić 1963 , Lovrić et al. 1989 , near Dubrovnik (Birač 1973) , and in the Bay of Kotor (Janković & Stevanović 1983) .
Syntaxonomy of the salt marsh vegetation is highly complex and various approaches can be found in literature. Recently, three classes of this vegetation have been recognized, not as much characterized by their floristic composition, but particularly by their physiognomic versatility, biological forms, rate of halophilism, and cover of particular species (Mucina 1997; Poldini et al. 1999) According to the protection strategy and action plans of the Republic of Croatia (Martinić 2000), marshy coasts are among the critically threatened coastal habitats. Protection of these habitats is one of the priorities for the protection of coasts and islands.
The objective of this study was to investigate conditions and rate of endangerment of the salt marsh vegetation in central and southern parts of the east Adriatic coast, which has been so far encompassed by very few phytosociological studies. 
Study area
The study was carried out in the area of the Central and South East Adriatic, at the following localities: Vrgada Island, Murter and the surrounding islands (Veli Vinik, Mali Vinik, Tegina, Zminjak, Radej, Sustipanac), Makirina, Zablaće, and the islands of Krapanj, Jadrtovac, Grebaštica, Blace (Donja Neretva), as well as the Mali Ston Bay. According to its geological structure, the east coast of the Adriatic shows predominance of limestone and dolomites from the cretaceous period, forming, for the most part, a low-lying and rocky coast, while the areas of low and alluvial marshy coasts are very rare.
According to Köppen, the climate of the studied area is of a Csa type -"the olive climate" (Seletković & Katušin 1992) , with average annual air temperature ranging from 15.4
• C (Šibenik) and 15.9 The standard keys for determination of plants were used (Tutin et al. 1964 (Tutin et al. -1980 (Tutin et al. , 1993 Pignatti 1982) . The nomenclature of plant species follows Pignatti (1982) except Silene angustifolia (Mill.) Guss. ssp. reiseri (K. Maly) Trinajstić (Trinajstić & Pavletić 1979) . The system of characteristic species and nomenclature of higher syntaxa was used according to Horvatić (1963) and Poldini et al. (1999) .
Numerical analysis (Cluster Analysis-UPGMA method) of relevés was performed using the programme package SYN-TAX 2000 (Podani 2001 . Original Braun-Blanquet sampling scale has been transformed into the ordinal scale according to Van der Maarel (1979) .
Results
Habitats pertaining to salt marsh vegetation of the studied area are very rare and recorded at a total of 15 localities (Fig. 1) . With regard to its floristic composition (Tables 1-4), the studied vegetation can be classified within two classes: Arthrocnemetea and Juncetea maritimi. The performed numerical analysis supports such syntaxonomic division, and a resulting dendrogram shows a distinct separation among the relevés pertaining to those classes (Fig. 2) . Furthermore, within the class Arthrocnemetea, a separation between two groups of relevés can be observed -they were identified as two different associations on the basis of their floristic composition (Tables 1-3) .
ARTHROCNEMETEA Br. -Bl. et Tx. 1943 corr. Bol. 19570 Within this class, associations Puccinellio festuciformis-Arthrocnemetum fruticosi (Br.-Bl. 1928) and Limonio-Artemisietum coerulescentis Horvatić (1933) 1934 were recorded.
The association Puccinellio festuciformis-Arthrocnemetum fruticosi was recorded with 46 phytosociological relevés. Stands of this association occur on lowlying, alluvial and marshy sea coasts covered by water for the greater part of a year, whose surface becomes No. of species 5 7 6 6 5 4 5 5 4 3 3 6 6 7 6 6 5 6 5 5 6 4 4 5 5 5 3 6 6 5 4 5 5 5 7 10 8 5 3 5 5 8 6 7 4 6 Char. Ass.:
Arthrocnemum fruticosum (L.) Moq. 5 5 5 dried-up and parched only at extremely hot temperatures. They develop on clayish and marshy soils, periodically or permanently flooded, showing a high rate of salinity. The association Puccinellio festuciformis-Arthrocnemetum fruticosi is poor in species (a total of 17 species, 7 of which are characteristic for particular syntaxa, Table 1 ). This association is easily recognized and differs from a related ass. Limonio-Artemisietum coerulescentis by the abundant presence of Arthrocnemum fruticosum, which is a characteristic and dominant species of the association ( Table 2 ). The community reaches its optimum development during the summer.
The association Limonio-Artemisietum coerulescentis was recorded with 21 phytosociological relevés, showing a total of 37 species (Table 2) . Habitats pertaining to this endemic Illyrian-Apennine association are rarely flooded, but often rocky and containing salts. They are completely dry during spring and summer. Their characteristics are those of saline meadows and pastures, stretching as pastures on the continental side, and as stands of the ass. Puccinellio festuciformisArthrocnemetum fruticosi towards the sea. This association develops outside of the tidal zone, on less saline and moist soils, such as embankments and meadows. It represents a gradual transition from real coastal halophilous vegetation to a more closed, continental, and less saline grassland vegetation, with more species compared to other communities within the class Arthrocnemetea.
During summer flowers and white and pubescent leaves of Artemisia coerulescens assign a characteristic aspect and a recognizable appearance to the association. The community reaches its optimum development by the end of the summer and at the beginning of autumn, when its aspect is determined by Artemisia coerulescens and Limonium serotinum.
JUNCETEA MARITIMI Br.-Bl. 1952 em. Beeftink 1965 Within the framework of this class, association Juncetum maritimo-acuti Horvatić 1934 was recorded with six relevés (Table 3) . It occurs in the area of highly moist and marshy soils with sea and brackish water, containing significant quantities of natrium chloride. These soils are rich in a rotting organic matter, mostly dark coloured with a lot of humus, thus facilitating a lush growth of plants.
In terms of recognition and differentiation of the association, the utmost importance is given to characteristic species Juncus acutus and J. maritimus, oc- curring in a form of strong and developed turfs. This association shows a small number of companion species -mostly elements of halophilous vegetation of the class Arthrocnemetea. The association reaches its optimum development in the summer. Ass. Juncetum maritimo-acuti extends across the entire area of the east Adriatic coast (Horvatić 1934 (Horvatić , 1939 (Horvatić , 1963 Trinajstić 1965; Janković & Stevanović 1983; Birač 1973; Šugar 1978; Šugar et al. 1991; Kamenjarin & Pavletić 2002) , and was recorded at several localities along the Italian coast (Poldini et al. 1999) .
Floristic composition of the studied associations is very similar, the evidence of which can be well observed in the synthetic table of the studied vegetation (Table 4) , but there is a difference associated with cover and frequency of particular species (Tables 1-4 ). The performed analysis of the life forms (Fig. 3) has shown a difference among the associations concerning the share portion of specific life forms within the associations. Thus, the class Juncetea maritimi shows a significantly higher share portion of geophytes than the class Arthrocnemetea. The association Puccinellio festuciformis-Arthrocnemetum fruticosi differs from all others by its high share of chamaephyta, and the association Limonio-Artemisetum coerulescentis by a higher share of therophytes. 
Discussion
This is the first systematic study of the salt marsh vegetation on the eastern Adriatic coast. Throughout the studied area, habitats are scarce and expand over small areas. Therefore, only three associations classified into two classes were recorded. On the other hand, the east and the north coast of the Adriatic show a much better vegetation development, with a great number of associations (Géhu & Biondi 1996; Géhu 1999; Poldini et al. 1999) . Given the nature of the salt marsh vegetation, these associations are very similar according to their floristic structure, as was proved in our study (Table 4) . Therefore, it has been suggested that all salt marsh vegetation should be observed within one class (Poldini et al. 1999) . Nevertheless, the stands belonging to a particular association can be very easily recognized in situ due to their high cover and a prevalence of one or two characteristic species (Tables 1-3) . Various associations of the salt marsh vegetation are predominantly differentiated according to the cover of characteristic species, and not by the presence/absence of differentiating species.
Plants join together into specific syntaxa of the salt marsh vegetation on the basis of their microecological characteristics, including salinity and moisture (Sanchez et al. 1996; Rogel et al. 2000) , and also on the basis of similarity among their life forms. Results obtained from the analysis of the life forms of the studied associations (Fig. 3) is in a great conformity with the analysis of the salt marsh vegetation life forms found in the North Adriatic, that was carried out on a much larger sample of syntaxa (Poldini et al. 1999) Besides, zoning of the associations is quite noticeable, and conditioned by the stands micromorphology, that is, by moisture of the habitat -elevation, and distance from the sea (Sanchez et al. 1996; Silvestri et al. 2004 ). In our case, the associations of the Arthrocnemetea are differentiated by a moisture rate of their habitat, and ecologically, expand one after another. First by the sea (depending on the tide) there is ass. Puccinellio festuciformis-Arthrocnemetum fructiosi. As we move farther away the moisture and salinity decrease, a share portion of Arthrocneum fruticosum gets lower, while the share of Artemisia coerulescens is on the increase, gradually developing into the typical ass. Limonio-Artemisetum coerulescentis. Finally, in conditions of even less moisture or salinity situated farthest away from the sea, this association gives way to grassland communities of Thero-Brachypodietea, garig (Erico-Cisteta) or agricultural land. At localities where this vegetation covers larger areas unaffected by anthropogenic influences, a borderline between the associations can be drawn with quite a difficulty, since the transitions are so gradual. Contrary to this, in the islands we can often find protective fence between the fields made of unchiselled stones, put together without a connecting material, creating characteristic microecological conditions, and thus drawing a sharp borderline between specific types of vegetation.
The greater the distance from the sea, the greater the number of species that can be seen in the relevés. Thus we are able to gain insight into the occurrence of halophilous companion species (ex. Atriplex latifolia, Salsola soda, Parapholis cincurva, Agropyron pungens, Centaurion spicatum), but also certain types of grassland vegetation (Dactylis hispanica, Helichrysum italicum, Aster linosyris, Daucus carota). As a result, we can see that the average number of species per relevés is 5.4 for the ass. Puccinellio festuciformis-Arthrocnemetum fruticosi, and 11.2 for the ass. Limonio-Artemisetum coerulescentis.
This rare and a very specific type of vegetation found on the east Adriatic coast is threatened by human activity, especially by development of tourism and converting of habitats into beaches, thus constantly decreasing the areas they occupy. As these habitats are situated on the borderline between the high and low tide, they are especially endangered due to pollution of the sea (oil, and similar). Particularly difficult situation can be observed with the association Juncetum maritimo-acuti. In the past, these stands were extensively used for litter and production of baskets, the utilization that resulted in a significant decrease of areas covered by the association, which are now reduced only to fragments. Sites of the habitats had been constantly reaped, causing such a change in ecological conditions of the habitat that its restoration to the former state is impossible.
Disappearance of certain types of vegetation especially endangers plant species characteristic of such habitats. Thus, for example, Aster tripolium, being a characteristic species of the association Juncetum maritimo-acuti (Horvatić 1934; Kamenjarin & Pavletić 2002) has not been recorded on any of our relevés. The relevés show record of the species from a list of vulnerable species in a red book of Croatian flora (Nikolić & Topić 2005) -Parapholis incurva, Salsola soda, Suaeda maritima, Puccinellia palustris.
Along with these, there is a large number of species characteristic of halophilous habitats that occur only in those habitats; they could be affected by any fur-ther threat imposed on such habitats, too: Arthrocnemum fruticosum, Halimione portulacoides, Artemisia coerulescens, Limonium serotinum, etc.
All the stated characteristics of the salt marsh vegetation lead us to a conclusion that, due to the small and rare areas, as well as specific ecological habitat characteristics, this vegetation is endangered by human activity. In terms of biological diversity, it is of utmost importance to conduct conservation of the remaining habitats, and continue with the research for the reasons of our better understanding of ecological and biological features of this type of vegetation.
